In order to clarify the mechanism of ventricular catheter defibrillation in which the electrode distribution and the low energy requirements make a simultaneous depolarization of the entire myocardium unlikely, the electrocardiograms recorded during 120 catheter fibrillation-defibrillation episodes in 39 dogs were analyzed. Three distinct, equally distributed defibrillation patterns were observed: 1) immediate resumption of a coordinated rhythm, thought to reflect complete depolarization of the myocardium; 2) increasing coarsening of the fibrillation waveforms interpreted as progressive reduction in the number of fibrillating fibers with reversion when a critical mass of myocardium with synchronized activity is reached, and 3) production of more coordinated -flutter-like' ventricular complexes probably representing a rhythm distinct from fibrillation and convertible to sinus rhythm by a second subthreshold shock. These observations suggest that total depolarization of the entire myocardium is not a prerequisite for ventricular defibrillation.
Multiple mechanisms of defibrillation ELECTRICAL CONVERSION of ventricular fibrillation to normal rhythm has been traditionally explained by simultaneous depolarization of all ventricular fibers, thus allowing the pacemaker with the highest degree of automaticity to assume control of the heart. 1 2 Although experimental evidence supporting such a hypothesis is still lacking, the concept satisfactorily explains defibrillation by means of transthoracic and internal paddles. The recent finding that ventricular defibrillation can also be accomplished with low-energy catheter-delivered countershock3-5 8 suggests, however, that additional mechanisms capable of terrhinating this arrhythmia may exist. Indeed, the very nature of catheter defibrillation appears to preclude creation of an electrical field large and strong enough to simultaneously depolarize the entire heart. The purpose of the present study was to clarify the nature of ventricular catheter defibrillation and, by inference, that of ventricular fibrillation itself, by an analysis of the electrocardiographic waveforms observed immediately following the countershock delivery. Material fig. 1 ) was introduced under fluoroscopic control through a jugular vein into the heart. This catheter contained two sets of interconnected platinum rings, each set forming one defibrillating electrode. The distal defibrillating electrode was located at the tip of the catheter, while the second electrode was 12.5 cm farther proximally.
Two electrode positions were used for defibrillation ( fig.  2 ). In the first, the distal electrode was wedged into the right ventricular apex, the proximal being located in the superior vena cava (panel A). In the other position, the distal electrode was in the pulmonary artery, the proximal one then being in the right ventricular cavity (panel B Ventricuilar fibrillatiorn was induced with a 2-3 millianipere alternating current passed through the defibrillating cathieter. After a period of more than one miniutite, duiring which the presence of true fibrillation was verified from the electrocardiographic tracings in the closedchest dogs anid by direct visualizationi in the open-chest clogs, defibrillation was performed by delivering a countershock through the two intravascular electrodes. The eniergy souree was a specially-built defibrillator, delivering accuratelv calibrated 5, 10, and 15 watt/second pulses.5', 13 A truncated exponential discharge,7 4 msec in duratiorn, was used for defibrillationi, xvith energy levels of 5 watt-seconds in most of the episodes. During the procedure, an dlectrocardliographlic tracing (lead II) was continiuoloslv recorded at a speed of 25/mrmi/sec.
The openl-chest aniimals uinderwent a sternal splitting procedure, the pericardliuirn theni being opened and sutured to the iicision line Sixteen millimeter motion pictures were made at a speed of 27 frames/second. Frames clearly showirng sequential displacemernts of the ventricular apex immrediatelx followinig the cotuntershocks xwere selected for anialvsis.
Results
The review of the electrocardiographic tracings recorded during catheter defibrillation revealed three distinctive patterns of reversion to sinus rhythm. The incidence of these respective patterns was virtually equal among the material studied, and there was no correlation between body size and a particular pattern of defibrillation. figure 3 .
The second mode of defibrillation was usually observed during the successive delivery of shocks of subthreshold intensity. Each of these shocks, although ineffective in itself, resulted in coarsening of the fibrillation pattern for a short time, then in a return to the initial fibrillation configuration. At a certain point, usually following the delivery of 3 to 4 shocks of similar or progressively increasing intensities, the coarsening increased even further for approximately 0.5 sec before then converting into a coordinated rhvthm. This pattern vas particularly frequent when the distal electrode was located in the pulmonary artery. An example of this mode of defibrillation (pattern 2) is shown in figure 4 .
In the third pattern, the typical ventricular fibrilla- The possibility exists that the various modes of (lefil)rillation described in this study reflect differing electrophysiological mechanisms. Ventricular defibrillation is cutrrently explained only in terms of complete (lepolarization of all myocardial fibers. While it is conceival)le that such total depolarization of the ventricles does occur as a consequence of a high energy couintershock delivered by trainsthoracic or direct pa(l(lles, it has not been shown that it represents a prerequisite for suiccessful (lefibrillation. On purely conceptual grounds, intraventricular catheter shocks delivering energies as low as 5 to 15 watt seconds are unable to consistently create and maintaini a suifficiently large and strong electrical field to encompass and to depolarize the whole of the myocardial mass. On the other hand, these shocks certainly result in depolarizing a more or less substantial portion or portions of the ventricles. While the exact mechanism by which low energy catheter countershock restores an effective cardiac rhythm has yet to be determined, it may involve an electrical synchronization of a critical mass of the myocardium xhicih in turn reduces and depolarizes the mass of the fibrillating fibers, no longer allowing the arrhythmia to be self-sustaining. merely be a higher degree of coarsening and increase in coordination of ventricular activation as characteristic of pattern 2, or may represent a new rhythm distinct from fibrillation. When the high amplitude flutter-like complexes of pattern 3 were present, another similar intensity subthreshold shock was consistently able to revert the heart to sinus rhythm.
